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Normally in man the Na of the blood represents 92 per cent of  the
fixed base.  The HCO3 and Cl ions constitute about 96 per cent of  the
acid radicles.'  These three radicles are thus the ones principally  con-
cerned  in the  acid-base  equilibrium of the blood.  In high intestinal
obstruction  there  is characteristically  a  fall  in  chlorides  and  rise  in
bicarbonate content of the blood.2 The present study has been made
to determine if possible  whether  the  sodium  freed  from combination
with chloride  is recombined  in  the form  of  bicarbonate,  is lost  from
the blood, remains free,  or is combined in some other manner.
The  average  sodium  content  of  human  blood  serum  is  335  mg.  per  100  cc.3
Kramer and Tisdall' found a very low sodium content  (218 and  270 mg. per  100
cc.)  in  two cases of acute  intestinal  indigestion  in infants.  McVicar  and Ross'
in one case of duodenal intoxication found only 192 mg. of sodium per 100 cc.  The
inorganic salt content of pyloric obstruction  has been studied  by Hastings,  Mur-
ray, and Murray. 5 They observed a fall in chlorides, in sodium, and in potassium,
little change in the calcium and magnesium content, and an increase in sulfur and
phosphorus.  There  is little change in the pH with even  the most marked varia-
tion in salt content.
We have  shown that  the toxemia  of intestinal  obstruction does  not manifest
itself until the chloride is depleted below a certain level.  The most likely explana-
tion is that the chloride,  probably  as hydrochloric  acid,  is utilized in protection
against  the toxic  agent.  Other  possibilities have been considered and discussed
I Kramer, B., and Tisdall, F. F., J. Biol. Chem., 1922, liii, 241.
2 Haden, R. L., and Orr, T. G., J. Exp. Med., 1923, xxxvii, 365.
3 Kramer, B., and Tisdall, F. F., J. Biol. Chem., 1921, xlvi, 467.
4 McVicar, C. S., and Ross, H., J. Lab. and Clin. Med., 1923, ix, 87.
5  Hastings, A. B., Murray,  C. D., and Murray, H. A., Jr., J. Biol. Chem., 1921,
xlvi, 223.
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previously  It  is quite possible  that  the immediate  mechanism  of  the protein
destruction  is an  alteration  in the conditions  for ferment action  within the  cell.
It has been shown that all cells of the body contain both a pepsin-like and a trypsin-
like ferment.  These under  normal conditions  are  inactive.  Bradley7 supposes
that  this inactivity is due to the fact that body protein is usually  combined  with
base as  a sodium salt which  cannot be  acted on by the pepsin.  With  the  pro-
duction of excess acid within the cell, some of the base is withdrawn to neutralize
the excess acid.  This leaves the protein in a condition favorable for the  action of
pepsin and proteolysis begins.  Such a condition  suitable  for autolysis  of  tissue,
might also be brought about by the loss of sodium in other ways.
Method.
The experiments reported  here were made on dogs with an  obstruction  of the
jejunum.  All operations were done under ether anesthesia with aseptic technique.
The intestine was obstructed by section and inversion  of the cut ends.  The  ani-
mals were fasted for 24 hours preceding operation and given no food after operation.
They  were allowed water ad libitum.  Blood for chemical  analysis was  obtained
from the jugular vein.
The non-protein  nitrogen  was  determined  by  the method  of Folin  and Wu,8
the  carbon  dioxide-combining  power by  the  method  of Van  Slyke and  Cullen,9
the chlorides were determined on the tungstic acid filtrate in the manner suggested
by Gettler,'0 and the  sodium was determined by  a modification  of  the  Kramer-
Tisdall method described by one of us."
EXPERIMENTAL  OBSERVATIONS.
The  average  sodium  determinations  in  ten  normal  dogs  before.
operation  was  336 mg. 'per 100 cc. (Table I) of plasma compared  with
the average  of  335  mg.  per  100  cc.  in  man.  Wider  variations  were
observed  in dogs  than were  reported by Kramer and Tisdall in man.
The  results  of  repeated  observations  in  ten  dogs  are  shown  in
Table  II.  The  total non-protein  nitrogen  determinations  are given
as an index  of  the degree of toxemia.  All animals show  the charac-
teristic rise.
6  Haden, R. L., and Orr, T. G., J. Exp. Med.,  1923, xxxviii,  55.
7  Bradley, H. C., and Taylor,  J., J. Biol. Chem., 1916,  xxv,  261.
8 s Folin, O., and Wu, H., J. Biol. Ckem., 1919, xxxviii, 81.
9 Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1917,  xxx, 289.
10 Gettler, A. O., J. Am. Med. Assn.,  1921, lxxvii, 1652.
" Haden, R. L., J. Lab. and Clin. Med. (in press).
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The  sodium  determinations  in plasma after  operation  show  little
change  (Table  II).  There  is usually  a  fall.  Sodium,  however,  is
limited  entirely  to the  plasma,  the  corpuscles  containing  practically
none.  With the successive bleedings and the increasing toxemia there
is an increasing anemia, hence the apparent decrease in plasma sodium
means usually an increase in sodium in the whole blood.  The calcula-
ted sodium in the whole blood, from the sodium readings in plasma and
the hematocrit readings are shown in Table III.  In Dog 1 the sodium
content  of the whole blood before  operation was  151  mg. per 100  cc.
TABLE  I.
Sodium Content of the Blood Plasma  of the Normal Dog.
Dog No.  Sodium per 100  cc.
jMg.
1  310
2  305
3  302
4  290
5  352
6  334
7  367
8  330
9  377
10  384
Average .............................  336
and at the end of the experiment was 174 mg.  Similarly the  sodium
in the  whole  blood  of  Dog  3  rose from  151  to  189  mg. per  100  cc.
The chlorides in both plasma and whole  blood show a marked fall in
every case.  The  C0 2-combining  power  is  always  increased.  There
seems  to be no relation between  the sodium changes  and the level of
the toxemia as indicated by the non-protein  nitrogen.  The injection
of large  amounts of sodium  chloride  intravenously  usually  caused no
significant  change in the  sodium content of  the blood  as determined
24 hours after  such treatment.
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TABLE  II.
Sodium Content of Blood after Intestinal  Obstruction.
Blood.
Amount per  100 cc.
Remarks.
No treatment
Inorganic plasma P - 4.6 mg.
No  treatment.
Inorganic plasma P  =  5.7 mg.
Chlorides.
'i
I
'5 k
w11
A
P so
0I I I
mg.
.:2 0
00
OS' 0 
mg.
22.8
23.8
24.4
31.6
30.6
34.9
75.0
21.6
20.8
28.0
49.2
50.4
131.5
26.8
29.7
35.3
49.2
58.8
81.5
112.5
185.0
27.3
27.5
28.5
37.5
55.4
69.3
91.5
211.0
s
.0
*0 
Tot.
per
cent
28.1
28.1
30.0
45.7
45.7
44.7
48.5
26.2
31.9
33.8
38.1
40.0
56.0
33.4
36.6
45.3
47.5
55.1
56.0
70.0
84.3
33.8
38.1
36.2
51.3
62.6
68.3
77.7
97.2
e
.0
mg.
470
460
350
330
310
300
295
475
440
350
340
290
240
460
360
330
300
310
295
280
210
400
350
340
310
255
280
190
180
i~
mg.
540
550
470
46C
450
46C
40C
570
520
460
430
420
34C
570
440
44C
410
420
370
360
280
510
450
420
40C
330
325
230
230
--
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TABLE  II-Continued.
Amount per 100  cc.
Remarks.
40 cc.  per  kg.  1  per  cent  salt  mixture'  subcuta-
neously; 5 cc. 5 per cent intravenously.
Died.  Obstruction  not released.
40 cc. per kg. 1 per cent salt mixture subcutaneously;
5 cc. 5 per cent intravenously.
Obstruction released.
40  cc.  per  kg.  1 per  cent  salt  Mrixture  subcuta-
neously;  5 cc. 5 per cent intravenously.
40 cc.  per  kg. I  per  cent salt  mixture  subcutane-
ously;  5 cc.  5  per  cent  intravenously.  Died.
Peritonitis.  Enteroenterostomy  obstructed.
40 cc. per kg. 1  per cent salt mixture subcutaneously;
5 cc. 5 per cent intravenously.
40 cc. per kg. 1  per cent salt mixture subcutaneously.
40  "  I  "  "  "  "  "  "
40  c  "  1  "  "  "  "
Recovered.
Blood.
lorides.
mg.
0
1
2
3
I
E
Vol.
per
cent
32.4
32.4
40.0
51.3
30.5
31.5
36.2
38.1
41.9
51.3
43.8
58.9
68.3
62.4
28.7
32.4
31.5
35.3
47.5
40.9
45.7
49.4
50.7
45.3
42.8
35.7
mg.
352
348
310
393
334
334
345
345
361
354
340
325
361
342
368
364
361
346
304
364
373
mg.
21.1
34.1
125.0
82.5
20.4
23.0
40.0
51.8
60.0
37.5
22.2
131.5
289.0
198.0
20.3
23.8
30.0
33.3
35.3
54.6
30.9
27.3
30.6
32.6
20.8
21.1
mg.
475
410
360
40C
460
400
350
310
290
410
400
440
250
390
440
410
370
335
330
230
400
390
400
430
480
450
-
- -TABLE  II--Concluded.
Blood.
Amount per  100 cc.
Remarks.
40 cc. per kg. 1 per cent salt mixture subcutaneously;
5 cc.  5 per cent intravenously.
40 cc. per kg. 1 per cent salt mixture subcutaneously.
40  e  "  1  "I  s  A  a
Lateral anastomosis.
Recovered.
40 cc. per kg. 1  per cent salt mixture subcutaneously;
5 cc. 5 per cent intravenously.
40 cc. per kg. 1 per cent salt mixture subcutaneously;
S cc. per cent intravenously.
40 cc. per kg. 1  per cent salt mixture subcutaneously.
40  d id  1 "  "  (  u 
40  4  4  Id  44
Lateral anastomosis.
40 cc. per kg.  per cent salt mixture subcutaneously.
Recovered.
40cc. per kg. I per cent salt mixture subcutaneously;
5  cc.  5 per  cent  intravenously.  Lateral  anas-
tomosis.
Recovered.
Chlorides.
I IE
mg.
d
8
9
10
i
a
I A
0
1
2
3
4
5
6
7
8
9
10
11
0
1
2
3
4
5
6
7
0
1
2
3
4
5
6
7
Ci I.
00 -3 
V
mg.
20.7
31.2
32.3
32.3
33.3
51.8
28.5
29.1
32.3
31.2
20.2
20.2
26.1
58.8
48.2
36.6
30.0
45.6
33.3
31.6
21.8
33.3
33.3
29.4
33.3
52.6
41.6
25.0
i
I
mg.
330
345
358
333
336
343
335
377
389
368
368
368
330
364
384
366
339
331
341
Ibe
.0
U
ol.
per
cent
26.8
30.5
30.5
34.3
47.5
49.4
51.4
43.8
46.2
41.9
36.2
35.7
32.4
35.7
37.6
38.5
38.5
40.4
39.5
38.1
30.5
31.9
35.7
34.7
36.6
39.5
39.5
38.1
mig.
44C
415
38C
35(
32C
25C
39C
40(
44
46(
40C
48C
41C
46(
41C
44(
500
450
410
34(
30(
28(
28(
390
420
*Salt  mixture  contains  sodium  chloride,  9  parts;  calcium  chloride  0.3 .part,
potassium  chloride  0.2 part,  and  ammonium  chloride  0.5  part.
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TABLE  III.
Comparison of Sodium Content of Plasma and Whole Blood after Intestinal
Obstruction.
Sodium  (per 100  cc.).
Whole  blood
(calculated from
hematocrit  value and
plasma sodium).
mg.
167
154
157
152
160
152
174
151
121
152
121
132
152
168
189
TABLE  IV.
Concentration  of Principle  Basic and A cid Radicals  in Serum of Dog in Experimental
Intestinal  Obstruction.
Basic radicle.
Acid radicles.
Radicle.
Na
HCOs
Cl
Total
Per liter.
Begin-
ning.
gm.
3.020
0.692
3.220
3.912
End.
g2.830
2.830
1.626
1.900
3.526
=
Gram equiva-
lents per liter.
Begin-
ning.
0.1310
0.0113
0.0907
0.1020
End.
0.123C
0.0266
0.0535
0.0801
Excess base.
Remarks.
Normally  92  per  cent  of
total fixed base.
Normally  96  per  cent  of
total acid radicles.
Dog No.
1
3
Day after
operation.
0
1
2
3
4
5
6
0
2
4
6
8
10
12
14
Plasma
(hematocrit).
per cert
54
50
51
56
56
60
61
50
45
52
46
50
55
57
66
Plasma.
sag.
310
307
307
272
286
253
285
302
268
293
263
264
277
295
287
125
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DISCUSSION.
These  results  show  that  even  with  the  very  marked  changes  in
chloride and bicarbonate  content  of  the blood which take place after
experimental  intestinal obstruction  there is relatively little  change in
its sodium content.  The total sodium tends  to  rise rather  than  fall.
The findings lend no support to the theory that the increased destruc-
tion  of body  tissue  characteristic  of intestinal  obstruction  is due  to
accelerated  autolysis  following  the withdrawal  of sodium  from  body
protein.  Neither  does it seem  possible  that  this  change  in sodium
relative to other ions is sufficient to provide a medium alkaline  enough
for  trypsin action.
The  balance  between  acid  and  basic  radicles  is a  very important
one.  Since  sodium is  the principle  basic radicle  of plasma,  and bi-
carbonate  and  chloride  the  principle  acid  radicles,  any  extensive
changes in the acid-base balance must be reflected  in these elements.
Kramer  and Tisdall'  have  calculated  the  balance  of  acid  and basic
elements  in the  blood  of  man and have shown that normally  there is
an excess  of base  over  the acid elements  of  16 per cent.  This excess
they  believe  to be in combination with protein.  With  the decrease
in  chloride  in  intestinal  obstruction  there  is  a  rise in bicarbonate.
The  question  arises  whether  there is an increase of bicarbonate com-
parable  to  the  decrease in chloride.  In pyloric obstruction Felty and
Murray'  have  shown  that  the increase  in bicarbonate  ion does  not
entirely compensate for the loss of chloride ion.
In Table  IV are  given  the average sodium,  bicarbonate,  and  chlo-
ride concentrations  found  in Dogs 1 to 4,  expressed  as gram equiva-
lents per liter.  Normally  the other  basic  elements, Ca,  Mg, and K,
compensate  for the other  acid radicles.  P and  S  play  a  small  part
in  the  acid-base  equilibrium.  The  decrease  in sodium is 0.0080 gm.
equivalents per liter and in the acid radicles, HCO8 and Cl, 0.0219 gin.
equivalents per  liter.  The  loss  of  acid radicles  is not  accompanied
by an equivalent  loss of  base.  The  excess  of  basic  over  acidic  ele-
ments  is  increased,  as  a  result  of  the  intestinal  obstruction,  from
0.0290  to 0.0429 gm. equivalent per liter.  The manner  in which  the
excess of basic radicles is combined is not shown by these experiments.
12 Felty, A. R., and Murray, H. A., Jr., J. Biol. Chem., 1923, Ivii,  573.
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SUMMARY.
Sodium determinations  on the blood of  ten  dogs  after  experimen-
tal obstruction of the jejunum are reported.
The  average  sodium  content  of  the plasma  of  the  normal  dog  is
336 mg. per  100 cc.
There is relatively little change  in the sodium content of the blood
plasma after  the intestine is obstructed, even with marked changes in
the chloride and bicarbonate.
The whole blood  sodium tends to rise after  intestinal obstruction.
The  increase  in bicarbonate  ions  does  not fully  compensate  for  the
decrease in chloride ions.
After  intestinal  obstruction  there  is  a  larger  amount  of  sodium
in some unknown  combination  than  in the normal  dog.
These  findings  throw no definite light on the mechanism  of the in-
creased protein destruction characteristic  of intestinal obstruction.